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1
IMAGE DEFORMATION DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image deformation
device for deforming an input image by correcting the pixel
position of each pixel in the input image.

2. Description of Related Art

In an image output device, such as a printer using an elec-
trophotographic process, or the like, because an output image
is deformed due to the fixing and/or the irregularity of the
paper feeding, the deformation of the output image is sup-
pressed by deforming the image data in a direction opposite to
the deforming direction.

In case that an image deformation process is a simple
correcting process, such as the enlargement (or the reduction)
shown in FIG. 12, the rotation shown in FIG. 13 or the like, by
inputting the parameter, such as the rotation angle, the mag-
nification or the like, to the deformation processing unit, the
deformation processing unit can calculate the positional shift
amount of each pixel based on the parameter and deform the
image.

However, because the actual deformation (distortion) of
the output image, which is caused in an image output device,
is complicated due to a plurality of factors, in order to correct
the above deformation, a complicated deformation process
shown in FIG. 14 is required. Therefore, it is not possible to
completely eliminate the deformation of the output image by
a simple correction, such as the rotation, the enlargement, the
reduction or the like, which can be carried out by using the
above calculation.

Accordingly, in order to eliminate the distortion based on
the actual value of the distortion of the output image, the
positional correction amount for each pixel (the shift amount
in the vertical direction and the shift amount in the horizontal
direction) is previously calculated and is stored in a memory.
Then, by reading the positional correction amount for each
pixel from the memory, the position of each pixel is corrected.
As a result, various types of image deformation can be cor-
rected and the positional correction can be carried out more
precisely (See FIG. 15). However, in this case, because the
positional correction amount for each pixel is held, an enor-
mous memory for storing the positional correction amount is
required.

In a general printer, there are some cases in which the
number of pixels in one page is about 80 mega pixels when the
resolution of the image is 600 dpi. When it is assumed that 16
bit data is held as the positional correction amount for one
pixel having four colors, it is required that the memory has the
capacity of 1 Gbits in order to hold the positional correction
amounts for one page.

Because the image deformation process for cancelling the
distortion of the output image is generally carried out in real
time during the output of the image, the image deformation
process is carried out by using the image processing [SI
(Large Scale Integration) which can carry out the high speed
processing. In case that the above positional correction
amount data for each pixel is stored in the SRAM (Static
Random Access Memory) of the image processing LSI, to
which the correction unit of the image processing L.SI refers,
the necessary capacity of the SRAM is increased and the size
of'the image processing [.SIis enlarged. As a result, the image
deformation device becomes extremely expensive, or it is
actually impossible to include the SRAM in the image pro-
cessing LSI.
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2

As a technology for reducing the data size of the positional
correction amounts to be held in the image processing LSI,
for example, the following image processing controller is
disclosed in Japanese Patent Application Publication No.
2009-122763. In this image processing controller, the posi-
tional correction amount data for only the pixels arranged at
intervals after the thinning out is held, and the positional
correction amount for the thinned pixels is calculated based
on the held data to deform the image to be displayed on the
display unit.

In an image output device, such as a printer or the like, the
resolution of the image is high as compared with a display
unit, and the number of pixels is extremely large. Therefore,
although the technology disclosed in Japanese Patent Appli-
cation Publication No. 2009-122763 is applied, it is required
to largely thin the data. As a result, the precision of the
positional correction is significantly deteriorated.

SUMMARY

To achieve at least one of the abovementioned objects, an
image deformation device for deforming an input image by
correcting a position of each pixel in the input image, reflect-
ing one aspect of the present invention, comprises:

a primary memory in which a positional correction amount
data for each pixel, which is used for correcting the position
of each pixel, is stored;

a reference memory having a smaller storing area than the
primary memory;

a transfer unit configured to transfer the positional correc-
tion amount data stored in the primary memory to the refer-
ence memory separately in multiple times; and

a positional correction unit configured to carry out a posi-
tional correction process in which the position of each pixel in
the input image is sequentially corrected in a predetermined
order in accordance with the positional correction amount
data stored in the reference memory,

wherein the transfer unit transfers the positional correction
amount data according to the predetermined order and a
progress of the positional correction process in the positional
correction unit so that the positional correction amount data
for one pixel has been already stored in the reference memory
when the positional correction unit corrects the position of the
one pixel.

Preferably, in the input image, the pixels are arranged in a
first direction and in a second direction which is perpendicu-
lar to the first direction,

the predetermined order is an order in which the position of
each pixel in one line in the first direction is corrected sequen-
tially from a top line to a bottom line along the second direc-
tion, and

the transfer unit transfers the positional correction amount
data for the one line in the first direction as a unit of data
transfer.

Preferably, the primary memory is a dynamic random
access memory.

Preferably, the reference memory comprises a first refer-
ence memory and a second reference memory,

every when the positional correction unit corrects the posi-
tions of a predetermined number of the pixels, the positional
correction unit switches a reference destination of the posi-
tional correction amount data between the first reference
memory and the second reference memory alternately, and

the transfer unit transfers the positional correction amount
data for the predetermined number of the pixels as a unit of
data transfer, by switching a transfer destination of the posi-
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tional correction amount data between the first reference
memory and the second reference memory alternately.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given hereinafter and the
accompanying drawings given by way of illustration only,
and thus are not intended as a definition of the limits of the
present invention, and wherein:

FIG. 1 is a block diagram showing the schematic configu-
ration of the image deformation device according to the first
embodiment;

FIG. 2 is a timing chart showing the operation of the image
deformation device according to the first embodiment;

FIG. 3 is a view showing an example of the count-up timing
of the vertical position information;

FIG. 4 is a view showing an example of the output timing
and the count-up timing of the vertical position information in
case that the initial transfer request is antecedently sent;

FIG. 5 is a block diagram showing the schematic configu-
ration of the image deformation device according to the sec-
ond embodiment;

FIG. 6 is a timing chart showing the operation of the image
deformation device according to the second embodiment;

FIG. 7 is a block diagram showing the schematic configu-
ration of the image deformation device according to the third
embodiment;

FIG. 8 is a view showing the first band data storing area and
the second band data storing area provided in the secondary
memory;

FIG. 9 is a timing chart showing the operation of the image
deformation device according to the third embodiment;

FIG. 10 is a block diagram showing the schematic configu-
ration of the image deformation device according to the
fourth embodiment;

FIGS. 11A to 11D are views showing an example of the
change in the data in case that the differential data is obtained
from the positional correction amount data and the position of
each pixel is corrected by decoding the differential data to the
original positional correction amount data;

FIG. 12 is a view showing an example of the image defor-
mation for enlarging an original image;

FIG. 13 is a view showing an example of the image defor-
mation for rotating an original image;

FIG. 14 is a view showing an example in which an original
image is complicatedly deformed; and

FIG. 15 is a view showing an example of the image defor-
mation in which the position of each pixel is shifted in accor-
dance with the positional correction amount for each pixel.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Hereinafter, preferred embodiments of the present inven-
tion will be explained with reference to the accompanying
drawings.

First Embodiment

FIG. 1 is a block diagram showing the schematic configu-
ration of the image deformation device 10 according to the
first embodiment. The image deformation device 10 has the
function for generating an output image in which the position
of each pixel in an input image is changed to the intended
position of each pixel.

10

15

20

25

30

35

40

45

50

55

60

65

4

The input image to be processed is an image having the dot
matrix form in which the pixels are arranged in the first
direction and in the second direction which is perpendicular
to the first direction. Further, the output image is also an
image having the dot matrix form in which the pixels are
arranged in the first direction and in the second direction
which is perpendicular to the first direction. In this case, the
first direction is the horizontal direction and the second direc-
tion is the vertical direction.

For example, the image deformation device 10 is provided
on the previous stage or the like of the laser unit of the laser
printer. The image signal is output to the laser diodes of the
laser unit via the image deformation device 10. In the image
deformation device 10, the image data of each pixel is sequen-
tially input in the order of the output of the image data of each
pixel to the laser unit. When the image is formed by using the
laser unit, the image deformation process is carried out in real
time in parallel with the image forming. Specifically, in the
image deformation device 10, the image data of one line in the
horizontal direction is input in the order from the top of one
page (the line which is arranged at the head in the vertical
direction) to the bottom of one page. In each line in the
horizontal direction, the image data of each pixel is sequen-
tially input in the order from the leading pixel of the line to the
trailing pixel of the line.

The image deformation device 10 comprises a primary
memory 11, an image processing circuit 12 and a transfer
control unit 13. The image processing circuit 12 comprises a
reference memory 15 and a positional correction unit 16
therein. The image processing circuit 12 is configured as an
integrated circuit, such as ASIC (Application Specific Inte-
grated Circuit) or the like.

The primary memory 11 is a memory which is provided
outside the image processing circuit 12. In this case, the
primary memory 11 is a DRAM (Dynamic Random Access
Memory). In the primary memory 11, the positional correc-
tion amount data is stored. The positional correction amount
data is the data indicating the shift amount of each pixel with
respect to the position of the pixel which is arranged before
the position of the pixel is corrected. In the primary memory
11, the positional correction amount data for each pixel in the
image of one page is stored. Alternatively, in the primary
memory 11, the positional correction amount data for a plu-
rality of pages may be stored.

The reference memory 15 is an SRAM (Static Random
Access Memory) provided in the image processing circuit 12.
The reference memory 15 holds the positional correction
amount data for each pixel in one line in the horizontal direc-
tion. Alternatively, the reference memory 15 may hold the
positional correction amount data for a plurality of lines.

The transfer control unit 13 transfers the positional correc-
tion amount data stored in the primary memory 11 to the
reference memory 15 as the transfer unit, separately in mul-
tiple times.

The positional correction unit 16 carries out the positional
correction process for sequentially correcting the position of
each pixel in the input image which is sequentially input in the
above order, in accordance with the positional correction
amount data stored in the reference memory 15. The cor-
rected image is output as the output image.

Specifically, in addition to the input image, the vertical
enable signal and the horizontal enable signal are input to the
positional correction unit 16. The vertical enable signal and
the horizontal enable signal are signals output from the image
output device (the printer engine unit) when the printing is
carried out. The vertical enable signal is a signal which is
switched ON (High) immediately before the printing of the
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top line of one page is started when the image of this page is
printed, and which is switched OFF when the printing of the
bottom line of this page is finished. The horizontal enable
signal is a signal which is output for each line in the horizontal
direction, and which is switched ON immediately before the
printing of the leading pixel of the line is started and is
switched OFF when the process for the trailing pixel of the
line is finished.

The positional correction unit 16 judges that the effective
input image is input when the vertical enable signal is ON and
the horizontal enable signal is ON, and carries out the posi-
tional correction process for the input image which is input
when the enable signals are ON.

In this case, the transfer control unit 13 transfers the posi-
tional correction amount data according to the order in which
each pixel in the input image is input to the image processing
circuit 12 and the progress of the positional correction pro-
cess in the positional correction unit 16 so that the positional
correction amount data for one pixel to be corrected has been
already stored in the reference memory 15 when the posi-
tional correction is carried out for this pixel by the positional
correction unit 16.

The vertical enable signal and the horizontal enable signal
are also input to the transfer control unit 13. The transfer
control unit 13 recognizes the line for which the positional
correction unit 16 carries out the positional correction process
next, in accordance with the vertical enable signal and the
horizontal enable signal. Then, the positional correction
amount data for one line corresponding to the line for which
the positional correction unit 16 carries out the positional
correction process next, is transferred to the reference
memory 15 immediately before the positional correction unit
16 carries out the positional correction process for this line.

Specifically, the transfer control unit 13 generates the ver-
tical position information indicating the vertical position of
the line for which the positional correction unit 16 carries out
the positional correction process next, in accordance with the
vertical enable signal and the horizontal enable signal, and
outputs the vertical position information as the reading out
address to the primary memory 11. When the primary
memory 11 receives the reading out address, the primary
memory 11 successively outputs the positional correction
amount data for one line which is designated by the reading
out address. The image processing circuit 12 sequentially
receives the positional correction amount data for one line,
which is output from the primary memory 11, and stores the
positional correction amount data in the reference memory
15.

FIG. 2 is a timing chart showing the operation of the image
deformation device 10. At the starting of the process for one
page, the vertical enable signal is switched ON. Then, the
vertical enable signal is ON until the process for this page is
finished, and at the finish of the process for this page, the
vertical enable signal is OFF. The horizontal enable signal is
ON while the input image of one line in the horizontal direc-
tion is input, and is switched OFF at the finish of the process
for the input image of this line. Then, the horizontal enable
signal is switched ON immediately before the process for the
input image of the next line is started. The positional correc-
tion unit 16 carries out the positional correction process for
the image of one line, which is input while the horizontal
enable signal is ON, in real time. The horizontal enable signal
corresponding to the first line is switched ON soon after the
vertical enable signal is switched ON.

As described above, the image processing is carried out for
each line. Between two lines, there is an invalid time region
(the time period in which the effective image is not input) in
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which the horizontal enable signal is OFF. Therefore, the
positional correction amount data for one line corresponding
to the line for which the positional correction unit 16 carries
out the positional correction process next, is transferred from
the primary memory 11 to the reference memory 15 during
the invalid time region immediately before the above line.

In FIG. 2, the line including the pixels for which the posi-
tional correction unit 16 currently carries out the positional
correction process is the third line. When the transfer control
unit 13 detects the finish of the process for the second line (the
switching OFF of the horizontal enable signal for the second
line) (time T1), the transfer control unit 13 outputs the transfer
request and the vertical position information indicating the
third line to the primary memory 11. In response to this, the
primary memory 11 carries out the burst output of the posi-
tional correction amount data for the third line (the positional
correction amount data for one line) as the read data. The
image processing circuit 12 fetches the read data and stores
the read data in the reference memory 15. As described above,
before the positional correction unit 16 starts the positional
correction process for the input image of the third line, the
positional correction amount data for the third line is trans-
ferred from the primary memory 11 to the reference memory
15.

FIG. 3 shows an example of the count-up timing of the
vertical position information. In case of FIG. 3, the transfer
control unit 13 detects the rising edge of the vertical enable
signal and outputs the vertical position information of the top
line (read address “0”) and the transfer request by using the
above rising edge as the trigger. In the subsequent process,
every when the transfer control unit 13 detects the falling edge
of the horizontal enable signal, the transfer control unit 13
counts up the vertical position information. Then, the transfer
control unit 13 outputs the counted-up vertical position infor-
mation and the transfer request to the primary memory 11. In
case of FIG. 3, the transfer of the positional correction amount
data for the top one line is finished during the time period
from the rising edge of the vertical enable signal to the first
rising edge of the horizontal enable signal.

FIG. 4 shows an example of the output timing of the trans-
fer request in case that the positional correction amount data
for the top one line cannot be transferred during the time
period from the rising edge of the vertical enable signal to the
first rising edge of the horizontal enable signal because the
above time period is short. In this example, at the finish of the
process for the previous page (when the transfer control unit
13 detects the falling edge of the vertical enable signal for the
previous page), the transfer control unit 13 outputs the verti-
cal position information of the top line (read address “0”) and
the transfer request. In the subsequent process, like the case
shown in FIG. 3, every when the transfer control unit 13
detects the falling edge of the horizontal enable signal, the
transfer control unit 13 counts up the vertical position infor-
mation and outputs the counted-up vertical position informa-
tion and the transfer request.

However, the above method cannot be used for the image of
the first page. Therefore, in order to finish the transfer of the
positional correction amount data for one line from the pri-
mary memory 11 to the reference memory 15 before the first
rising of the horizontal enable signal for the first page, at the
starting of the printing, the transfer starting command is out-
put to the transfer control unit 13 by the upper level process
before the printing is actually started in the print engine unit.
When the transfer control unit 13 receives the transfer starting
command, the transfer control unit 13 may output the vertical
position information of the top line (read address “0”’) and the
transfer request to the primary memory 11.
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As described above, in the image deformation device 10
according to the first embodiment, the positional correction
amount data for one or more pages is held in the primary
memory 11 (DRAM) provided outside the image processing
circuit 12. The positional correction amount data is sequen-
tially transferred from the primary memory 11 to the refer-
ence memory 15 according to the order and the progress of the
process in the positional correction unit 16. Therefore, it is
possible to sufficiently suppress the memory size of the ref-
erence memory 15 included in the image processing circuit
12.

In particular, because the positional correction amount data
for the next line is transtferred from the primary memory 11 to
the reference memory 15 during the invalid time region in
which the horizontal enable signal is OFF between the lines,
in the reference memory 15, only the positional correction
amount data for one line is held. It is possible to sufficiently
suppress the memory size of the reference memory 15
included in the image processing circuit 12 and to carry out
the precise image deformation in which the positional correc-
tion amount data for each pixel is used.

Second Embodiment

In the first embodiment, the positional correction amount
data held in the reference memory 15 is updated by transfer-
ring the positional correction amount data from the primary
memory 11 to the reference memory 15 at the timing imme-
diately before the staring of the positional correction process
for each line (during the invalid time region). However, in
case that the time period (the invalid time region) between the
valid time region (in which the horizontal enable signal is ON
(effective)) for one line and the valid time region for the next
line is extremely short, or in case that the transfer speed of the
data from the DRAM is not sufficient, all of the positional
correction amount data for one line cannot be transferred
during the above invalid time region. As a result, the posi-
tional correction process cannot be normally carried out. The
second embodiment is one for solving the above problem.

FIG. 5 shows the configuration of the image deformation
device 20 according to the second embodiment. The image
deformation device 20 comprises a primary memory 21, an
image processing circuit 22 and a transfer control unit 23. The
image processing circuit 22 comprises a transfer destination
switching unit 25, a first reference memory 26, a second
reference memory 27, a selector 28 and a positional correc-
tion unit 29 therein. The image processing circuit 22 is con-
figured as an integrated circuit, such as ASIC or the like, like
the image processing circuit 12.

The primary memory 21 is the same as the primary
memory 11 according to the first embodiment.

The image deformation device 20 comprises the first ref-
erence memory 26 and the second reference memory 27
which correspond to the reference memory 15 according to
the first embodiment. Each of the first reference memory 26
and the second reference memory 27 is an SRAM provided in
the image processing circuit 22, and holds the positional
correction amount data for each pixel in one line in the hori-
zontal direction.

The transfer destination switching unit 25 switches the
destination of the positional correction amount data output
from the primary memory 21 between the first reference
memory 26 and the second reference memory 27 alternately.

The selector 28 switches the reference destination for refer-
ring to the positional correction amount data by the positional
correction unit 29 between the first reference memory 26 and
the second reference memory 27 alternately.
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The transfer control unit 23 transfers the positional correc-
tion amount data stored in the primary memory 21 to the first
reference memory 26 and the second reference memory 27
alternately as the transfer unit, separately in multiple times.
The transfer control unit 23 outputs the transfer destination
selecting signal for indicating that the positional correction
amount data output from the primary memory 21 is trans-
ferred to the first reference memory 26 or the second refer-
ence memory 27, to the transtfer destination switching unit 25.
The transfer destination switching unit 25 switches the trans-
fer destination in accordance with the transfer destination
selecting signal input from the transfer control unit 23.

Further, the transfer control unit 23 outputs the reference
memory selecting signal indicating that the reference desti-
nation for referring to the positional correction amount data
by the positional correction unit 29 is set to the first reference
memory 26 or the second reference memory 27, to the selec-
tor 28. The selector 28 switches the reference destination for
referring to the positional correction amount data by the posi-
tional correction unit 29, in accordance with the reference
memory selecting signal input from the transfer control unit
23.

The positional correction unit 29 carries out the positional
correction process which is the same as the process carried
out by the positional correction unit 16 of the image defor-
mation device 10, by referring to the positional correction
amount data output from the selector 28.

In detail, the transfer control unit 23 outputs the transfer
destination selecting signal so as to change the transfer des-
tination of the positional correction amount data for one line
alternately between the first reference memory 26 and the
second reference memory 27. For example, the positional
correction amount data for the Oth line (top line) is transferred
to the first reference memory 26 as the transfer destination.
Then, the positional correction amount data for the first line is
transferred to the second reference memory 27 as the transfer
destination. The positional correction amount data for the
second line is transferred to the first reference memory 26 as
the transfer destination. The positional correction amount
data for the third line is transferred to the second reference
memory 27 as the transfer destination.

Similarly, the transfer control unit 23 outputs the reference
memory selecting signal so as to change the reference desti-
nation of the positional correction amount data between the
first reference memory 26 and the second reference memory
27 alternately line by line. For example, when the positional
correctionunit 29 carries out the positional correction process
for each pixel in the Oth line, the reference destination of the
positional correction amount data is set to the first reference
memory 26. When the positional correction unit 29 carries
out the positional correction process for each pixel in the first
line, the reference destination of the positional correction
amount data is set to the second reference memory 27. When
the positional correction unit 29 carries out the positional
correction process for each pixel in the second line, the ref-
erence destination of the positional correction amount data is
set to the first reference memory 26. When the positional
correctionunit 29 carries out the positional correction process
for each pixel in the third line, the reference destination of the
positional correction amount data is set to the second refer-
ence memory 27.

The transfer control unit 23 transfers the positional correc-
tion amount data from the primary memory 21 to the first
reference memory 26 or the second reference memory 27
when the positional correction unit 29 does not refer to the
positional correction amount data in the reference memory
which is the transfer destination. For example, while the
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positional correction unit 29 carries out the positional correc-
tion process by referring to the data in the first reference
memory 26, the transfer control unit 23 transfers the posi-
tional correction amount data for the next line to the second
reference memory 27. While the positional correction unit 29
carries out the positional correction process by referring to
the data in the second reference memory 27, the transfer
control unit 23 transfers the position correction amount data
for the next line to the first reference memory 26.

FIG. 6 is a timing chart showing the operation of the image
deformation device 20. Firstly, before the vertical enable
signal is switched ON, the positional correction amount data
for the top line (Oth line) is transferred from the primary
memory 21 to the first reference memory 26 (time T21 to
T22). Next, at the timing of the switching ON of the vertical
enable signal, the positional correction amount data for the
next line (first line) is transferred from the primary memory
21 to the second reference memory 27 (time T23 to T24).
During the transfer of the positional correction amount data
for the first line, the image data of the Oth line has been already
input, and the positional correction unit 29 carries out the
positional correction process for each pixel in the Oth line by
referring to the positional correction amount data in the first
reference memory 26.

Next, when the image processing for the Oth line is finished
and the horizontal enable signal is switched OFF (time T25),
the reference of the data in the first reference memory 26 by
the positional correction unit 29 is finished. Therefore, the
transfer control unit 23 transfers the positional correction
amount data for the second line from the primary memory 21
to the first reference memory 26 (time 125 to T26). During
this transfer, the image data of the first line is input and the
positional correction unit 29 carries out the positional correc-
tion process by referring to the positional correction amount
data in the second reference memory 27.

As described above, the image deformation device 20 com-
prises two reference memories which are the first reference
memory 26 and the second reference memory 27. The posi-
tional correction unit 29 refers to the data in these memories
alternately. Then, the transfer control unit 23 transfers the
positional correction amount data for the next line to the
reference memory to which the positional correction unit 29
does not refer. Therefore, it is possible to normally transfer
the positional correction amount data even though the invalid
time region between the lines is short.

Third Embodiment

In the first and the second embodiments, the positional
correction amount data for one page or a plurality of pages is
stored in the primary memory 11 or 21 which is the DRAM.
However, because the memory size for which the positional
correction amount data can be stored in the DRAM as the
primary memory is limited, there are some cases in which the
positional correction amount data for one page cannot be
stored. Therefore, in the third embodiment, as the primary
memory, a main memory or a hard disk drive which can
secure the large capacity is used.

Because there are some cases in which the readout of the
data from the hard disk drive is delayed as compared with the
DRAM, the transfer of the data is too slow in the method in
which the positional correction amount data is directly trans-
ferred from the hard disk drive to the reference memory 15 in
the image processing circuit 12. Even though the first refer-
ence memory 26 and the second reference memory 27 are
used alternately as shown in the second embodiment, it takes
a long time to read out the data from the hard disk drive and

10

15

20

25

30

35

40

45

50

55

60

65

10

the transfer of the data is too slow in the method in which the
positional correction amount data is directly transferred from
the hard disk drive to the reference memory 26 or 27.

In the third embodiment, the transfer of the data is carried
out attwo stages, that is, the positional correction amount data
is transferred from the hard disk drive to the DRAM and
further the positional correction amount data is transferred
from the DRAM to the SRAM in the image processing circuit
33.

FIG. 7 shows the schematic configuration of the image
deformation device 30 according to the third embodiment.
The image deformation device 30 comprises a primary
memory 31, a secondary memory 32, an image processing
circuit 33 and a transfer control unit 34. The image processing
circuit 33 comprises a reference memory 36 and a positional
correction unit 37 therein. The image processing circuit 33 is
configured as an integrated circuit, such as ASIC or the like.

The primary memory 31 is a large-capacity memory
device, such as a hard disk drive provided outside the image
processing circuit 33. In the primary memory 31, the posi-
tional correction amount data for one page or a plurality of
pages is stored.

The secondary memory 32 is a memory provided outside
the image processing circuit 33. The secondary memory 32 is
a DRAM. As shown in FIG. 8, in the secondary memory 32,
the first band data storing area 38 and the second band data
storing area 39 are provided. Each of the first band data
storing area 38 and the second band data storing area 39 stores
the positional correction amount data for one or more lines. In
this case, each of the first band data storing area 38 and the
second band data storing area 39 stores the positional correc-
tion amount data for four lines. In this example, two band data
storing areas 38 and 39 are provided. The necessary number
of'the band data storing areas is at least two, and the number
of the band data storing areas may be three or more.

The reference memory 36 is the SRAM provided in the
image processing circuit 33. The reference memory 36 holds
the positional correction amount data for each pixel in one
line in the horizontal direction. The reference memory 36
corresponds to the reference memory 15 of the image defor-
mation device 10. Like the image processing circuit 22 shown
in FIG. 5, two reference memories 36 may be provided and
the transfer destination switching unit 25 and the selector 28
may be provided in the image processing circuit 33. Then,
like the second embodiment, two reference memories may be
used alternately.

The transfer control unit 34 transfers the positional correc-
tion amount data stored in the primary memory 31 to the
secondary memory 32 as the first transfer unit, separately in
multiple times. The transfer control unit 34 transfers the posi-
tional correction amount data in units of lines stored in one
band data storing area, from the primary memory 31 to the
secondary memory 32. In this example, the transfer control
unit 34 transfers the positional correction amount data in units
of four lines. At this time, the transfer control unit 34 switches
the transfer destination of the positional correction amount
data output from the primary memory 31 in units of four lines
between the first band data storing area 38 and the second
band data storing area 39.

Further, the transfer control unit 34 transfers the positional
correction amount data stored in the secondary memory 32 to
the reference memory 36 as the second transfer unit, sepa-
rately in multiple times. This transfer is carried out in units of
the positional correction amount data for one line. Further, the
transfer control unit 34 switches the band data storing area
from which the positional correction amount data is read out,
by lines stored in one band data storing area. In this example,
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every when the positional correction amount data for four
lines is transferred, the transfer control unit 34 switches the
band data storing area from which the positional correction
amount data is read out, between the first band data storing
area 38 and the second band data storing area 39 alternately.

That is, the transfer control unit 34 sequentially transfers
the positional correction amount data for four lines, which is
stored in the first band data storing area 38, to the reference
memory 36, separately in four separate times according to the
progress of the positional correction process. During this
transfer, the transfer control unit 34 transfers the positional
correction amount data for next four lines from the primary
memory 31 to the second band data storing area 39. Next,
when the transfer of the positional correction amount data for
four lines, which is stored in the first band data storing area
38, to the reference memory 36 is finished, the transfer control
unit 34 switches the transfer source to the second band data
storing unit 39. Then, the transfer control unit 34 sequentially
transfers the positional correction amount data for four lines,
which is stored in the second band data storing area 39, to the
reference memory 36, separately in four separate times
according to the progress of the positional correction process.
During this transfer, the transfer control unit 34 transfers the
positional correction amount data for next four lines from the
primary memory 31 to the first band data storing area 38. The
transfer control unit 34 repeats the above operation.

FIG. 9 is a timing chart showing the operation of the image
deformation device 30. Firstly, before the vertical enable
signal is switched ON, the positional correction amount data
to be stored in one band data storing area from the top line of
the page (in this example, the positional correction amount
data for four lines from the Oth line to the third line), is
transferred from the primary memory 31 to the first band data
storing area 38 of the secondary memory 32 (time T31 to
T32).

Next, when the vertical enable signal is switched ON (time
T33), the positional correction amount data for one line cor-
responding to the Oth line is transferred from the first band
data storing area 38 of the secondary memory 32 to the
reference memory 36. The positional correction unit 37 cor-
rects the position of each pixel in the image data of one line,
which is input when the horizontal enable signal is ON, by
referring to the positional correction amount data stored in the
reference memory 36 while the horizontal enable signal is
ON.

When the falling edge of the horizontal enable signal for
Oth line is detected (time T34), the positional correction
amount data for one line corresponding to the first line is
transferred from the first band data storing area 38 to the
reference memory 36. Then, every when the falling edge of
the horizontal enable signal is detected, the positional correc-
tion amount data for one line corresponding to the second line
and the third line in order, is transferred to the reference
memory 36 line by line.

As described above, while the positional correction
amount data for four lines, which is stored in the first band
data storing area 38, is transferred to the reference memory
36, the transfer control unit 34 transfers the positional correc-
tion amount data for next four lines from the primary memory
31 to the second band data storing area 39 of the secondary
memory 32. In the example shown in FIG. 9, the transtfer of
the positional correction amount data for four lines to the
second band data storing area 39 is started at the falling of the
horizontal enable signal for the second line (time T35), and is
finished before the falling of the horizontal enable signal for
the third line. In case that it takes a long time to transfer the
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positional correction amount data for four lines, the starting
timing of the above transfer may be advanced.

When the falling edge of the horizontal enable signal for
the third line is detected (time T36), the positional correction
amount data for one line corresponding to the fourth line is
transferred from the second band data storing area 39 to the
reference memory 36. Then, every when the falling edge of
the horizontal enable signal is detected, the positional correc-
tion amount data for one line corresponding to the fifth line,
the sixth line and the seventh line in order, is transferred to the
reference memory 36 line by line. During the above transfer,
the positional correction amount data for four lines corre-
sponding to the eighth line to the eleventh line is transferred
from the primary memory 31 to the first band data storing area
38 of the secondary memory 32.

By repeating the above operation, the positional correction
amount data is sequentially transferred from the primary
memory 31 to the reference memory 36 via the second
memory 32. Then, the positional correction unit 37 corrects
the position of each pixel in the image data of one line, which
is input when the horizontal enable signal is ON, by referring
to the positional correction amount data stored in the refer-
ence memory 36 while the horizontal enable signal is ON.

In the image deformation device 30 according to the third
embodiment, it is possible to sufficiently suppress the
memory size ofthe DRAM used as the secondary memory 32.

Fourth Embodiment

Incase that the positional correction amount data is held for
each pixel as the actual value, the reference memory is
required to have a very large memory size. Even though only
the positional correction amount data for one line is held in
the image processing circuit 12 or the like, the memory for
holding the data is required to have a large memory size. In the
fourth embodiment, the positional correction amount data is
compressed and is stored. Then, by expanding and using the
positional correction amount data before the positional cor-
rection process is carried out, the memory size of the SRAM
provided in the image processing circuit 12 or the like to hold
the positional correction amount data is reduced.

In this embodiment, instead of the positional correction
amount data, the differential data between the adjacent pixels
is held. That is, the differential data indicates the difference in
the shift amount (positional correction amount) of each pixel
with respect to the position of the pixel which is arranged
before the position of the pixel is corrected, between one pixel
and the pixel adjacent to the one pixel. Because the difference
in the positional correction amount between the adjacent
pixels is small, the number of bits to be assigned to the
positional correction amount of each pixel becomes small. As
a result, the data size thereof is reduced.

FIG. 10 is a block diagram showing the schematic configu-
ration of the image deformation device 40 according to the
fourth embodiment. The elements of the image deformation
device 40, which are the same as those of the image defor-
mation device 10 shown in FIG. 1 are denoted by the same
reference numerals as those of the first embodiment. The
explanation thereof is appropriately omitted.

In the image deformation device 40, the correction amount
decoding unit 41 is provided between the reference memory
15 and the positional correction unit 16 in the image process-
ing circuit 12B. The correction amount decoding unit 41
decodes the differential data which is read out from the ref-
erence memory 15, to the positional correction amount data
indicating the positional correction amount by using the
actual value. The positional correction unit 16 does not refer
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to the data in the reference memory 15, but uses the decoded
positional correction amount data output from the correction
amount decoding unit 41 to carry out the positional correction
process.

In the image deformation device 40 according to the fourth
embodiment, the differential data for one line is transferred
from the primary memory 11 to the reference memory 15. The
differential data read out from the reference memory 15 is
decompressed to the original positional correction amount
data by the correction amount decoding unit 41. The decom-
pressed positional correction amount data is output to the
positional correction unit 16. In the image deformation device
40 according to the fourth embodiment, because the difter-
ential data obtained by compressing the positional correction
amount data is held in the primary memory 11 and the refer-
ence memory 15, the memory size which is required for the
primary memory 11 and the reference memory 15 is small as
compared with the first embodiment.

FIGS. 11A to 11D show an example of the change in the
data in case that the differential data is obtained from the
positional correction amount data and the position of each
pixel is corrected by decoding the differential data to the
original positional correction amount data. FIG. 11A shows
the original positional correction amount data and indicates
the actual value of the positional correction amount for each
pixel in the input image. For example, in the drawings, the
indication “+2/+1” indicates that the shift amount in the hori-
zontal direction is +2 and the shift amount in the vertical
direction is +1.

FIG. 11B shows the differential data which is obtained
from the positional correction amount data indicated by using
the actual values shown in FIG. 11A. In this example, the
upper left corner pixel (in the drawing, the pixel which is
indicated by the black circle) is the reference pixel. Each
arrow shown in FIG. 11B indicates the referring direction for
showing the rule in which the difference in the shift amount is
calculated by subtracting the shift amount of the pixel
arranged on the side of the shaft of the arrow from the shift
amount of the pixel arranged on the side of the arrowhead of
the arrow. In case of the pixels of which the adjacent pixel
exists on the left side, the positional correction amount data of
the pixel is converted to the difference in the positional cor-
rection amount between the pixel and the adjacent pixel
which exists on the left side of the pixel. In case of the pixels
which are arranged on the left end, the positional correction
amount data of the pixel is converted to the difference in the
positional correction amount between the pixel and the adja-
cent pixel which exists on the upper side of the pixel. In the
primary memory 11, the differential data shown in FIG. 11B
is previously stored.

FIG. 11C shows the situation in which the differential data
shown in FIG. 11B is decoded by the correction amount
decoding unit 41 to the positional correction amount data
indicated by using the actual value. FIG. 11D simulatively
shows the situation in which the positional correction unit 16
shifts and corrects the position of each pixel in accordance
with the decoded positional correction amount data. In FIG.
11D, each white circle indicates the position of the pixel
which is arranged before the correction, and each gray circle
indicates the corrected position of the pixel.

According to the first to the fourth embodiments, it is
possible to suppress the necessary memory size of the
memory provided in the image processing circuit 12 or the
like, and to precisely and complicatedly deform the image
data by the correction in accordance with the positional cor-
rection amount data for each pixel.
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As described above, the embodiments are explained by
using the drawings. However, in the present invention, the
concrete configuration is not limited to the above embodi-
ments. In the present invention, various modifications of the
above embodiments or the addition of various functions or the
like to the embodiments can be carried out without departing
from the gist of the invention.

In the embodiments, the positional correction amount data
for each pixel is held. However, the positional correction
amount data obtained by the thinning out may be used. In the
positional correction unit, the positional correction amount
corresponding to the position of each pixel in the input image
is calculated by carrying out the interpolation process for the
above positional correction amount data to carry out the posi-
tional correction process. For example, when the positional
correction amount data is thinned at the interval of one pixel,
the data size thereof can be halved.

In the embodiments, the unit of the data transfer is set to the
positional correction amount data for one line. The unit of the
data transfer is not limited, and may be suitably set. For
example, in case that the positional correction amount data
for two lines can be transferred during the invalid time region,
the unit of the data transfer may be set to the positional
correction amount data for two lines. On the other hand, in
case of the configuration shown in the second embodiment in
which the reference memory is divided into the first reference
memory 26 and the second reference memory 27 and the
destination of the positional correction amount data is
switched between the first reference memory 26 and the sec-
ond reference memory 27 alternately, it is possible to transfer
the positional correction amount data for one line, separately
in multiple times.

The secondary memory 32 explained in the third embodi-
ment may be configured, for example, as a ring buffer which
can hold the positional correction amount data for 16 lines or
the like.

One of the objects of the above embodiments is to provide
an image deformation device which can sufficiently suppress
the memory size of the memory for storing the positional
correction amount data for each pixel to which the correction
unit refers, and which can precisely and complicatedly
deform the image data.

In at least one of the embodiments, the positional correc-
tion amount data for each pixel in the whole input image is
held in the primary memory. Then, the positional correction
amount data is sequentially transferred from the primary
memory to the reference memory, separately in multiple
times according to the order and the progress of the process in
the positional correction unit.

In at least one of the embodiments, the transfer unit trans-
fers positional correction amount data for one line in the first
direction as a unit of data transfer from the primary memory
to the reference memory.

In at least one of the embodiments, by switching the trans-
fer destination of the positional correction amount data
between the first reference memory and the second reference
memory alternately, while the positional correction unit car-
ries out the positional correction process by referring to the
data in the first reference memory, the next positional correc-
tion amount data is transferred from the primary memory to
the second reference memory. Further, while the positional
correctionunit carries out the positional correction process by
referring to the data in the second reference memory, the next
positional correction amount data is transferred from the pri-
mary memory to the first reference memory.

In at least one of the embodiments, the positional correc-
tion amount data for each pixel in the whole input image is
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held in the primary memory. Then, the positional correction
amount data is transferred from the primary memory to the
secondary memory and is further transferred from the sec-
ondary memory to the reference memory, separately in mul-
tiple times according to the order and the progress of the
positional correction process in the positional correction unit.

In at least one of the embodiments, the second transfer unit
transfers the positional correction amount data for one line in
the first direction as a unit of data transfer from the secondary
memory to the reference memory.

In at least one of the embodiments, the positional correc-
tion amount data indicates the actual value of the shift
amount.

In at least one of the embodiments, the positional correc-
tion amount data indicates the difference in the shift amount
between the adjacent pixels.

In at least one of the embodiments, the reference memory
is integrated in the integrated circuit.

According to the image deformation device, it is possible
to sufficiently suppress the memory size of the memory for
storing the positional correction amount data for each pixel to
which the correction unit refers, and to precisely and compli-
catedly deform the image data.

The present U.S. patent application claims the priority of
Japanese Patent Application No. 2014-205702, filed on Oct.
6,2014, according to the Paris Convention, and the entirety of
which is incorporated herein by reference for correction of
incorrect translation.

What is claimed is:

1. An image deformation device for deforming an input
image by correcting a position of each pixel in the input
image, comprising:

aprimary memory in which a positional correction amount
data for each pixel, which is used for correcting the
position of each pixel, is stored;

a reference memory having a smaller storing area than the
primary memory;

a transfer unit configured to transfer the positional correc-
tion amount data stored in the primary memory to the
reference memory separately in multiple times; and

a positional correction unit configured to carry out a posi-
tional correction process in which the position of each
pixel in the input image is sequentially corrected in a
predetermined order in accordance with the positional
correction amount data stored in the reference memory,

wherein the transfer unit transfers the positional correction
amount data according to the predetermined order and a
progress of the positional correction process in the posi-
tional correction unit so that the positional correction
amount data for one pixel has been already stored in the
reference memory when the positional correction unit
corrects the position of the one pixel.

2. The image deformation device of claim 1, wherein in the
input image, the pixels are arranged in a first direction and in
a second direction which is perpendicular to the first direc-
tion,

the predetermined order is an order in which the position of
each pixel in one line in the first direction is corrected
sequentially from a top line to a bottom line along the
second direction, and

the transfer unit transfers the positional correction amount
data for the one line in the first direction as a unit of data
transfer.

3. The image deformation device of claim 1, wherein the

primary memory is a dynamic random access memory.
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4. The image deformation device of claim 1, wherein the
reference memory comprises a first reference memory and a
second reference memory,

every when the positional correction unit corrects the posi-
tions of a predetermined number of the pixels, the posi-
tional correction unit switches a reference destination of
the positional correction amount data between the first
reference memory and the second reference memory
alternately, and

the transfer unit transfers the positional correction amount
data for the predetermined number of the pixels as a unit
of data transfer, by switching a transfer destination of the
positional correction amount data between the first ref-
erence memory and the second reference memory alter-
nately.

5. An image deformation device for deforming an input
image by correcting a position of each pixel in the input
image, comprising:

a primary memory in which a positional correction amount
data for each pixel, which is used for correcting the
position of each pixel, is stored;

a secondary memory having a small storing area than the
primary memory;

a reference memory having a small storing area than the
secondary memory;

a first transfer unit configured to carry out a first transfer in
which the positional correction amount data stored in the
primary memory is transferred to the secondary memory
separately in multiple times;

a second transfer unit configured to carry out a second
transfer in which the positional correction amount data
stored in the secondary memory is transferred to the
reference memory separately in multiple times; and

a positional correction unit configured to carry out a posi-
tional correction process in which the position of each
pixel in the input image is sequentially corrected in a
predetermined order in accordance with the positional
correction amount data stored in the reference memory,

wherein the second transfer unit carries out the second
transfer according to the predetermined order and a
progress of the positional correction process in the posi-
tional correction unit so that the positional correction
amount data for one pixel has been already stored in the
reference memory when the positional correction unit
corrects the position of the one pixel, and

the first transfer unit carries out the first transfer according
to the predetermined order and the progress of the posi-
tional correction process in the positional correction unit
so that the positional correction amount data for the one
pixel has been already stored in the secondary memory
when the second transfer unit transfers the positional
correction amount data for the one pixel to the reference
memory.

6. The image deformation device of claim 5, wherein in the
input image, the pixels are arranged in a first direction and in
a second direction which is perpendicular to the first direc-
tion,

the predetermined order is an order in which the position of
each pixel in one line in the first direction is corrected
sequentially from a top line to a bottom line along the
second direction, and

the second transfer unit carries out the second transfer in
which the positional correction amount data for the one
line in the first direction is transferred as a unit of data
transfer.

7. The image deformation device of claim 5, wherein the

primary memory is a dynamic random access memory.
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8. The image deformation device of claim 1, wherein the
positional correction amount data indicates a shift amount of
each pixel with respect to the position of the pixel which is
arranged before the position of the pixel is corrected.

9. The image deformation device of claim 5, wherein the
positional correction amount data indicates a shift amount of
each pixel with respect to the position of the pixel which is
arranged before the position of the pixel is corrected.

10. The image deformation device of claim 1, wherein the
positional correction amount data indicates a difference in a
shift amount of each pixel with respect to the position of the
pixel which is arranged before the position of the pixel is
corrected, between the one pixel and an adjacent pixel which
is adjacent pixel to the one pixel.

11. The image deformation device of claim 5, wherein the
positional correction amount data indicates a difference in a
shift amount of each pixel with respect to the position of the
pixel which is arranged before the position of the pixel is
corrected, between the one pixel and an adjacent pixel which
is adjacent pixel to the one pixel.

12. The image deformation device of claim 1, wherein the
positional correction amount data obtained by a thinning out
is used, and
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the positional correction unit calculates the positional cor-
rection amount for each pixel in the input image by an
interpolation process which is carried out for the posi-
tional correction amount data obtained by the thinning
out, and carries out the positional correction process.

13. The image deformation device of claim 5, wherein the
positional correction amount data obtained by a thinning out
is used, and

the positional correction unit calculates the positional cor-

rection amount for each pixel in the input image by an
interpolation process which is carried out for the posi-
tional correction amount data obtained by the thinning
out, and carries out the positional correction process.

14. The image deformation device of claim 1, wherein the
reference memory and the positional correction unit are inte-
grated in an integrated circuit, and the primary memory is
provided outside the integrated circuit.

15. The image deformation device of claim 5, wherein the
reference memory and the positional correction unit are inte-
grated in an integrated circuit, and the primary memory is
provided outside the integrated circuit.
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